rather, it simplifies the problems. The gauge condition allows to obtain the analytical solution of complicated problems in a simplified manner.
INTRODUCTION
In elastodynamics, the equations of motion for homogeneous isotropic linearly elastic solids are represented by the Navier-Lame equations, in vector form,
where, u is the displacement vector,  is the density,  and  are the Lame constants.
To construct the solutions of Navier-Lame equations, the displacement fields can be considered as the superposition of the gradient of scalar potential  and the curl of the vector potential H . Use the Helmholtz theorem (mentioned originally in ref. [1] and then in its translated version [2] ) to write u grad curlH H
The potentials  and H satisfy the wave equation, i.e., 
where, p c and s c are the pressure and shear wavespeeds, respectively.
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It can be noted from Eq. (2), in three dimensions, the three components of displacement are represented by four components of potentials. Thus, an additional unknown exists. In order to ensure the uniqueness of the solution, Eq. (2) is complemented by the gauge condition [1] , i.e.,
The gauge condition is needed to mitigate the requirement of the additional unknown in the potential formulation. However, the formula given in Eq. (4) is not the only possible form of the gauge condition; in fact, a multitude of alternative forms exist [3] as used in elastodynamics [4] [5] (pg. 465 ), and electrodynamics [6] [7] [8].
General guided wave solution in terms of potentials
Meeker and Meitzler [9] developed the general solution for y -invariant straight-crested guided waves ( Figure 1 ) using the Helmholtz potentials () cos sin
() cos sin
and the gauge condition
The constants , , , , , , , A B C D E F G H are eight unknowns to be determined from the six traction free boundary conditions on the top and bottom boundaries of the plate. Because the number of unknowns (8) is greater than the number of conditions (6), the gauge condition Eq. (9) is used to produce two additional conditions. This is done by evaluating the gauge condition at the top and bottom surfaces of the plate. In order to produce the required additional equations, Graff [5] suggested to substitute the complex-valued x H , z H into equation Eq. (9) and to separate them into real and imaginary parts to produce four equations with four unknowns. However, the traction-free boundary condition equations were not separated into real and imaginary parts. This complication may explain why the solution of SH waves is usually expressed in terms of displacement although the Lamb waves are elegantly solved using potentials functions [5] [10] [11] . Thus, the gauge condition seems to remain a redundant condition in these classical solutions.
General solution in terms of displacements
Alternatively, Achenbach [12] 
The scope of this article
In this article, we propose a unified potential-based solution to the guided wave propagation that is simpler (and has fewer unknowns) than that of ref. [4] and [5] . We will show that it is possible to reduce the eight unknowns of Eqs. (5)- (8) to only six unknowns by the proper utilization and manipulation of the gauge condition and thus, produce a much simpler solution of the guided wave propagation problem. The origin of the gauge condition in elastodynamics is discussed in Section 0; it will be shown that the gauge condition can be chosen arbitrarily within certain limits. The different forms of the gauge condition in electrodynamics are discussed is Section 0. The proper choice and manipulation of the gauge condition of elastodynamics is discussed in Section 0; our manipulation on the gauge condition does not violate the fundamental elastodynamics assumptions. The use of the proposed method is demonstrated on two classical problems, i.e., the straight crested and the circular crested guided wave propagation in a uniform plate.
GOVERNING EQUATIONS AND ORIGIN OF GAUGE CONDITION IN ELASTODYNAMICS

Origin of the gauge condition in elastodynamics
The backbone of classical elastodynamics is the Navier-Lame equations [5] . The origin of the gauge condition can be traced to the Navier-Lame equations as follows:
Upon rearrangement,
Recall the general vector property ( ) 0 H    (divergence of any curl is zero); hence, the third term of Eq. (13) 
Eq. (14) is separated into two wave equations whereas the shear waves are equivolume waves, i.e., they have zero dilatation and are known as distortional waves [5] . From now on, we call the scalar potential  as pressure potential and the vector potential H as shear potential.
Inception of the gauge condition
Now let's take a look at the dropped out term in Eq. (13)
Using the vector property 
Eq. (22) represents the vector property that curl of any gradient field is zero. Thus,  can be chosen arbitrarily without affecting the generality of the solution; this is called gauge invariance. This is similar to the gauge invariance used in solving the Maxwell's equations in electrodynamics through the potential approach (see section 2.5 of chapter 2 of ref. [3] ).
Owing to the uniqueness of the physical problem, any solution that satisfies the Navier-Lame equations be the unique solution to the problem, regardless of the value assumed by  .
The selection of the gauge depends on the nature of the problem. The simplest gauge condition may be selected as      which is similar to the Coulomb gauge [7] in electrodynamics. The physical quantities such as displacements and stresses do not depend on the choice of the gauge for a problem with unique solution. However, the proper choices of gauge make the problems easier to solve. As an example, Gazis used ( , ) Frt  [4] in order to simplify the shear potentials when developing the solution of wave propagation in a hollow cylinder. To avoid any confusion on the gauge condition, we can quote from ref. [14] a statement on the gauge condition used in electrodynamics. "As a rule, one should keep in mind that there are no 'right' or 'wrong' admissible gauge choices. Any proper gauge will lead to the same values of gauge invariant quantities. But, depending on an actual problem, a certain gauge can be more appropriate than others." Therefore, the gauge condition may be used to simplify the problem. It is noted that the gauge condition does not depend on the pressure potential  ; rather, it depends only on the shear potential H . The proper choice and manipulation of the gauge condition should simplify complicated wave problems.
DIFFERENT FORMS OF GAUGE CONDITION IN ELECTRODYNAMICS
Helmholtz theorem gained its popularity for simplifying the problems in numerous fields of physics: hydrodynamics, elastodynamics, electrodynamics etc. In electrodynamics, Maxwell's equations are solved using Helmholtz potential functions with a gauge condition that is not necessarily to be zero; rather, actual fields are invariant of the gauge condition. The choice of gauge is arbitrary and does not change the physical quantities, and the potential functions are adjusted according to the choice of gauge [6] . However, a certain gauge may be more appropriate than a random choice and may make the problem easier to solve analytically. Researchers in electrodynamics have taken advantage of this by utilizing various forms of the gauge condition to solve various problems in classical electrodynamics and quantum electrodynamics. Different choices of the gauge condition have already been used to solve different problems in electrodynamics. For example, the gauge invariance of classical field theory applied to electrodynamics allows one to consider the vector potential A with various gauge conditions [7] , i.e., 
etc, where
A is the vector potential, n  is the time axis,   is the four gradient, x  is the position four-vector. Each of the gauge condition mentioned here were used to solve particular types of electrdynamics problem and the appropriate choice of gauge simplified the calculations. However, in elastodynamics, very few variations of the gauge condition has been observed so far. In this article, the proper choice and manipulation of the gauge condition will be demonstrated for two problems: (a) Straight crested guided waves in a plate (Lamb waves and shear horizontal, SH waves) and (b) Circular crested guided waves in a plate (Lamb waves and shear horizontal, SH waves). Both problems will be solved by the potential approach.
APPLICATION OF GAUGE CONDITION TO STRAIGHT CRESTED GUIDED WAVES IN A PLATE
The wave equations Eq. (17) and (18) 
The gauge condition takes the form
where, ( fr  may be chosen differently depending on the nature of the problem. Expansion of Eq. (2) gives the displacement components in terms of pressure and shear potentials as
Solution for y -invariant straight crested Lamb + SH waves in a plate
In the case of y -invariant straight crested guided waves ( /0 y    ), we state that the manipulation of the gauge condition yields 
( )
The zero-traction boundary conditions apply at the top and bottom of the plate, i.e., The characteristic equations Eq. (56) and (57) obtained through the potential approach are the same as the solution of SH waves in terms of y u [11] and subsequently the solutions for displacements and stresses should be the same.
Manipulation of the gauge condition in Cartesian coordinates
In this section, we give the rationale for taking 0 and Eq. (36) is thus justified.
We have thus seen that the application of gauge condition in this simple y -invariant problem has yielded the shear potential x H to be zero. This illustrates how the gauge condition has made the problem much simpler. Our result is similar to the solution of elastic waves in rods by Gazis [5] where one of the potentials was made zero using the gauge invariance property. 
APPLICATION OF GAUGE CONDITION TO CIRCULAR CRESTED GUIDED WAVES IN A PLATE
This is similar to the y -invariant problem discussed for Cartesian coordinates in Section 0.
Its application simplifies the axisymmetric guided wave propagation solution as discussed in Section 0.
CONCLUSION
The gauge condition originated in elastodynamics from the Navier-Lame equations upon application of Helmholtz theorem. The proper choice and manipulation of the gauge condition may simplify the problem and permits straight forward analytical solution. The gauge condition provides the necessary conditions for the complete solution of the elastic waves in plates by the potential function approach. The gauge condition may be considered as the superposition of separate gauge conditions for Lamb waves and SH waves, respectively. Each gauge condition contains a different combination of the shear vector potential components. The gauge condition established a bridge between Lamb waves and SH waves. The gauge condition may decouple for the physical problems in which the Lamb and SH waves are expected to decouple. The decoupling of the gauge condition does not violate the classical Lamb wave and SH wave solutions; rather, it simplifies the problem. The gauge condition plays a vital role in the separation of Lamb waves and SH waves; thus, it transforms a complicated problem into two simpler problems.
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In this article, the manipulation of the gauge condition has been illustrated on two wellknown problems of guided waves in plates in which the Lamb waves and SH waves can be physically decoupled. The next challenge for this approach would be to address a coupled problem (Lamb waves + SH waves) such as the non-axisymmetric guided wave propagation in a plate.
FUTURE WORK
The gauge condition may be further explored more to analyze more complicated nonaxisymmetric problems. The proper choice and manipulation of the gauge condition may be utilized to decouple the Lamb waves and SH waves in the non-axisymmetric problem and obtain the analytical solution by potential function approach.
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